ABSTRACT. We examined the expression of angiopoietin-2 in serum samples from patients diagnosed with colorectal cancer and healthy volunteers and investigated the feasibility of using angiopoietin-2 as a potential diagnostic colorectal cancer biomarker. Enzymelinked immunosorbent assays were used to measure the levels of angiopoietin-2 in patients with colorectal cancer and healthy control subjects. Correlations between serum angiopoietin-2 levels and clinicopathological factors were investigated. A receiver operating characteristic curve was used to predict cut-off values of the markers. Serum concentrations of angiopoietin-2 were significantly higher in patients with colorectal cancer than in controls (2896 ± 1273 vs 1554 ± 991 pg/mL, P = 0.004). Serum angiopoietin-2 expression levels were significantly positively correlated with TNM stage (P = 0.003), lymph node involvement (P = 0.04), and distant metastases (P = 0.005). Receiver operating characteristic curve analysis revealed that serum level of angiopoietin-2 was a potential biomarker for differentiating colorectal cancer patients from controls and had a receiver operating characteristic area under the curve of 0.859 (95% confidence interval = 0.740-0.978). At a cut-off value of 2710 pg/mL, the sensitivity was 79.3% and the specificity was 82.4%. Our results suggest that angiopoietin-2 can be used as a diagnostic biomarker for colorectal cancer in clinical practice. Additional studies are needed to clarify the detailed mechanism of angiopoietin-2 in the carcinogenesis and metastasis of colorectal cancer.
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INTRODUCTION
Colorectal cancer is a leading cause of cancer mortality worldwide, causing approximately 400,000 deaths per year (Jemal et al., 2008) . With economic development and dietary pattern changes, the incidence of colorectal cancer has increased rapidly in China. Currently, colorectal cancer is the fourth most common malignant tumor and the third leading cause of cancer death in China (Long et al., 2010) . Metastasis is the major cause of colorectal cancer mortality, and more than one third of patients with colorectal cancer will ultimately develop metastatic disease (Center et al., 2009) . Therefore, it is urgent to identify more specific and sensitive biomarkers for the early diagnosis and prognosis prediction of colorectal cancer.
Angiogenesis is an essential process in cancer growth, maintenance, and metastasis (Folkman et al., 1989) . Tumor vessel density, which represents angiogenesis, is related to metastasis and has prognostic value in various malignant tumors, including colorectal cancer. Angiogenesis is controlled by the interplay between numerous positive and negative factors (Yancopoulos et al., 2000) . Angiopoietin-2 is a ligand of the tyrosine kinase receptor Tie2 and integrin receptors (Takanami, 2004) . It functions as an autocrine controller of endothelial cells in a context-dependent manner, promoting either blood vessel growth or regression depending on the levels of other growth factors such as vascular endothelial growth factor (VEGF)-A (Holash et al., 1999; Zhang et al., 2003 ). Circulating angiopoietin-2 level has been associated with tumor angiogenesis in several cancers (Fawzy et al., 2012; Li et al., 2013a,b; Pappa et al., 2013; Chen et al., 2014; Kawaguchi et al., 2014) . Engin et al. (2012) found that the concentration of angiopoietin-2 (median 3188.0 pg/mL, min: 1070.5 pg/mL, max: 5765.5 pg/mL) was significantly higher in patients with colon cancer, while concentrations of angiopoietin-1 were not statistically different between groups (Engin et al., 2012) . However, they did not investigate the diagnostic value of angiopoietin-2 in colorectal cancer.
In the present study, we examined the expression of angiopoietin-2 in serum samples from patients diagnosed with colorectal cancer and in healthy volunteers. Furthermore, we investigated the feasibility of using angiopoietin-2 as a diagnostic colorectal cancer biomarker.
MATERIAL AND METHODS

Subjects
In the present study, 98 patients newly diagnosed with colorectal cancer were enrolled from the Department of Anorectal Surgery in Yantai Yuhuangding Hospital between May 2011 and July 2012. Tumors were staged according to the 7th edition of the tumor, node, and metastasis (TNM) classification system of the UICC. Blood samples were collected prior to surgical treatment. Patients who had received preoperative radiotherapy or chemotherapy were excluded. For the control group, we selected 90 healthy volunteers who did not have a history of malignant disease. Written informed consent was obtained from all participants after an explanation of the study, and the study was approved by the Ethics Committee of Yantai Yuhuangding Hospital.
Angiopoietin-2 measurement
Serum samples were taken preoperatively at the time of diagnosis. First, 10 mL blood was drawn into serum tubes and centrifuged at 2200 g/min for 10 min. Serum was harvested, aliquoted, and stored at -70°C until use. Enzyme-linked immunosorbent assays were used to measure the levels of angiopoietin-2 according to manufacturer instructions (Quantikine; R&D Systems, Minneapolis, MN, USA). All samples were examined in duplicate, and the mean values were used for statistical analysis. Measurements were conducted in a blinded manner.
Statistical methods
Data were analyzed using SPSS statistical package version 15 (SPSS Inc., Chicago, IL, USA). Chi-square test (Fisher exact test) was used to examine the relationship between qualitative variables. For quantitative data, comparison between 2 groups was conducted using the Mann-Whitney test. The Spearman-rho method was used to test the correlation between numerical variables. The receiver operating characteristic (ROC) curve was used to predict cut-off values of the markers. Data are reported as means ± standard deviation. A P value < 0.05 was considered to be significant.
RESULTS
Expression level of angiopoietin-2 in serum samples and relationship between expression and clinicopathological features
Serum concentrations of angiopoietin-2 were significantly higher in patients with colorectal cancer than in controls (2896 ± 1273 vs 1554 ± 991 pg/mL, P = 0.004). As shown in Table 1 , serum angiopoietin-2 expression levels were significantly positively correlated with TNM stage (P = 0.003), lymph node involvement (P = 0.04), and distant metastases (P = 0.005). However, no significant correlation was observed between serum angiopoietin-2 level and other clinicopathologic parameters tested, including age (P = 0.41), gender (P = 0.53), tumor location (P = 0.73), and tumor size (P = 0.09).
Relationship between expression of angiopoietin-2 in serum samples and diagnosis
Because angiopoietin-2 expression level was significantly elevated in the serum of colorectal cancer patients compared with healthy controls, ROC curve analysis was used to explore the potential of using circulating angiopoietin-2 as a biomarker for colorectal cancer. Angiopoietin-2 could be used to differentiate colorectal cancer patients from controls, with an area under the ROC curve of 0.859 (95% confidence interval = 0.740-0.978; Figure 1 ). At a cut-off value of 2710 pg/mL, the sensitivity was 79.3% and the specificity was 82.4%. 
DISCUSSION
Despite great efforts to improve the prevention and treatment of colorectal cancer, the morbidity and mortality of this disease remains high (Jemal et al., 2008) . The tumorigenesis of colorectal cancer is a multi-step process mediated by accumulating alterations in cell proliferation ability and a wide range of genetic disorders (Fearon, 2011) . Recent studies have focused on identifying new biomarkers and aberrant genetic features in colorectal cancer.
Increasing evidence supports the essential role of the Ang/Tie-2 system in angiogenic regulation (Quartarone et al., 2006) . Angiopoietin-2 acts as a destabilizing signal and promotes tumor angiogenesis by priming the vasculature and potentiating the effects of VEGF at the front of active neovascularization (Lobov et al., 2002) . Although malignant tumors undergo massive tumor cell loss via central regression and necrosis, the remaining tumor grows via active angiogenesis at the tumor margin. Angiopoietin-2 has been reported to be a critical regulator of this angiogenic process. VEGF up-regulation along with angiopoietin-2 expression at the tumor periphery is associated with rescuing the surviving tumor and promoting further growth. Specifically, angiopoietin-2 is strongly induced in the peripheral vessels of tumor tissues before VEGF induction.
Because angiopoietin-2 is a secreted protein, the serum level of angiopoietin-2 and its clinical value have been investigated in several cancers. For example, Sallinen et al. (2010) found that angiopoietin-2 level was significantly elevated in serum samples of patients with ovarian cancer compared with healthy controls (P = 0.0005). In addition, high angiopoietin-2 levels were associated with poor overall and recurrence-free survival of ovarian cancer patients in univariate analysis. This suggests that angiopoietin-2 may be an additional diagnostic tool for ovarian cancer, and may serve as an angiogenic marker of decreased patient survival (Sallinen et al., 2010) . Similarly, Fawzy et al. (2012) found that serum angiopoietin-2 level in patients with lung cancer was higher than that in the control group. Furthermore, serum angiopoietin-2 may be a useful marker for diagnosing non-small cell lung cancer using the enzyme-linked immunosorbent assay method. Engin et al. (2012) found that the concentration of angiopoietin-2 was significantly higher in patients with colon cancer. However, they did not investigate the diagnostic value of angiopoietin-2 in colorectal cancer.
In the present study, we investigated whether angiopoietin-2 was secreted into the serum of patients with colorectal cancer. Our results showed that the levels of serum angiopoietin-2 were significantly increased in patients with colorectal cancer compared with healthy controls. Furthermore, we found that serum angiopoietin-2 expression levels were significantly positively correlated with TNM stage, lymph node involvement, and distant metastases, suggesting that angiopoietin-2 is involved in the carcinogenesis and metastasis of colorectal cancer. However, in the present study, we did not investigate the detailed mechanism of angiopoietin-2 in the carcinogenesis and metastasis of colorectal cancer. The prognostic value of angiopoietin-2 in colorectal cancer should be investigated in future studies.
In conclusion, our results suggest that angiopoietin-2 can be used as a diagnostic biomarker for colorectal cancer in clinical practice. Additional studies are needed to clarify the detailed mechanism of angiopoietin-2 in the carcinogenesis and metastasis of colorectal cancer.
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